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$N=\{1,2, \ldots, n\}$ $v$ $v(\emptyset)=0$
$2^{N}$ $\mathbb{R}$
$(N, v)$ $S\subseteq N$
$v(S)\in \mathbb{R}$ $S$
$S$ $\uparrow$) $(S)$ $S$
1734 2011 46-53 46
(1), (2), (3) $(N, v)$
$v(T)\geq v(S),$ $\forall S\subseteq T\subseteq N$ (1)
$v(S\cup T)\geq v(S)+?)(T),$ $\forall S,$ $T\subseteq N$ such that $S\cap T=\emptyset$ (2)
$v(S\cup T)+v(S\cap T)\geq v(S)+’\iota)(T),$ $\forall S,$ $T\subseteq N$ (3)
$v(T)-\tau)(T\backslash i)\geq\uparrow)(S)-v(S\backslash i),$ $\forall S\subseteq T\subseteq N\backslash i,$ $\forall i\in N$ (4)
$S\backslash \{i\}$ $S\backslash i$
1 Shapley
$N$ $v(N)$




$x_{i}\geq v(\{i\}),$ $\forall i\in N$ , $\sum_{i=1}^{n}x_{i}=v(N)$ $x$
$\sum_{i\in S}x_{i}\geq\uparrow$) $(S),$ $\forall S\subseteq N$ $x$
$G(N)$ $(N, v)$
$(N, v)$ $v$
$\pi$ : $G(N)arrow \mathbb{R}^{n}$ $\pi$ $i$ $\pi_{i}$
Shapley 4
$i$ $S\subseteq N$ $v(S)-v(S\backslash i)=0$
$i$ $i$
$\pi_{i}(v)=0$ $v(S\backslash i)=v(S\backslash j)$ $\forall S\subseteq N$ such that
$\{i, j\}\subseteq S$ $\pi_{i}(v)=\pi j(\uparrow))$ $\sum_{i\in N}\pi_{i}(v)=\eta)(N)$
2 $v,$ $w\in G(N)$ $v+w\in G(N)$ $(v+\prime t1))(S)=$
$/\iota)(S)+w(S),$ $\forall S\subseteq N$ $\pi(v+w)=\pi(v)+\pi(w)\forall v,$ $w\in G(N)$
Shapley 4 $\pi$ : $G(N)arrow \mathbb{R}^{n}$
[3], $\phi$
$\phi_{i}(v)=s^{S\ni i}\sum_{\subseteq N}\frac{(|S|-1)!(n-|S|)!}{n!}(v(S)-v(S\backslash i)),$
$\forall i\in N$ (5)




$N=\{1,2, \ldots, n\}$ ,




$\{i\}\in \mathcal{K},$ $i=1,2,$ $\ldots,$ $n$ $N\in \mathcal{K}$
$\nu$
$\nu(S)\geq\sum_{i=1}^{s}\nu(T_{i}),$ $\forall S,$ $T_{i}\in \mathcal{K},$ $i=1,2,$ $\ldots,$ $s$ (6)
such that $\bigcup_{i=1,2,\ldots,s}T_{i}\subseteq S$ and $T_{i},$ $i=1,2,$ $\ldots,$ $s$ are disjolnt
$j\in N$ $S=\{j\},$ $9=1,$ $T_{1}=\emptyset$ $\nu(\{j\})\geq 0$
$N$ $\mathcal{K}$ $(N, \mathcal{K}, \nu)$ $\nu$
$(N, \mathcal{K}, \nu)$ 2 $(N, \underline{\nu})$ , $(N, \overline{\nu})$
$\underline{\nu}(S)=$
$\sum\nu(T_{i})s=T\mathcal{K},T\subseteq S\max_{\in}(\nu(T)+\underline{\nu}(S\backslash T))$ (7)
$\bigcup_{\iota}T_{l}\subseteq s^{\mathcal{K}_{T_{j}aredisjoi_{I1}t^{\iota=1}}^{\max}}\tau_{i}\in,$$’ i=1,2,..,s$
$\overline{\nu}(S)=\min_{\hat{S}\in \mathcal{K},\hat{S}\supseteq S}(\nu(\hat{S})-\underline{\nu}(\hat{S}\backslash S))$ (s)
$\nu$
$\underline{\nu}(S)=\nu(S),$ $\forall S\in \mathcal{K}$ $\nu(\{i\})\geq 0,$ $i=1,2,$ $\ldots,$ $n$
$\{i\}\in \mathcal{K},$ $i=1,2,$ $\ldots,$ $n$
$\underline{\nu}(S)=$ $\max$
$\sum\nu(T_{i})s$ . (9 )
$T_{i}\in \mathcal{K},$ $i=1,2,\ldots,s$
$i=1$
$\bigcup_{i}T_{i}=S,$ $T_{i}$ are disjoint
$\underline{\nu}(S)$ $\nu$
$S$ $\overline{\nu}(S)$ $\nu$




$T_{\iota}\in \mathcal{K},$ $i=1,2,\ldots,s$ $T_{i}\in \mathcal{K},$ $i=1,2,\ldots,s$
$\bigcup_{i}T_{i}=\hat{S}\backslash S,$ $T_{l}$ are disjoint
$i=1$
$\bigcup_{i}T_{i}=S,$ $T_{i}$ are disjoint $i=1$
$=\underline{\nu}(\hat{S}\backslash S)+\underline{\nu}(S)$ (10)
$\overline{\nu}(S)\geq\underline{\nu}(S),$ $\forall S\subseteq N$ (11)





$V(\nu)=$ { $v:2^{N}arrow \mathbb{R}|\uparrow f$ is superadditive and $v(S)=v(S),$ $\forall S\in \mathcal{K}$ } (12)
4
$\mathcal{K}$
$(N, \mathcal{K}, v)$ $V(v)$
$(N, \mathcal{K}, v)$ $V(\nu)$ Masuya and Inuiguchi [1]
$\mathcal{K}=\{\{1\}, \ldots, \{n\}, N\}$
$\hat{V}(v)$
$\mathcal{K}\supseteq\{\{1\}, \ldots, \{n\}, N\}$ $\mathcal{K}$
$(N, \mathcal{K}, v)$ $V(v)$
Assumption 1 ( ) $i\in N,$ $i\in N$ $S\ni i,$ $S-j$
$S\subseteq N$ , $S$ $i$ $i$ $S’$ , $S’=S\cup\{j\}\backslash \{i\}$
$S\in \mathcal{K}$ $lfS’\in \mathcal{K}$




Assumption 2 ( ) $S\subset N(S\neq N)$ $S\in \mathcal{K}$
$T\subset S$ $T\in \mathcal{K}$
Assumption2
$\mathcal{K}$ $A_{SSl}imption1,2$ $k(1\leq k\leq n-1)$ $\mathcal{K}=\{S\subseteq N|$
$|S|\leq k\}\cup\{N\}$ $k= \max\{|S||S\in \mathcal{K}, S\neq N\}$
Assumption 1, 2 $(N, \mathcal{K}, \nu)$ $(N, k)$ -
$1\leq k\leq n-1$ $k=n-1$ $(N, \mathcal{K}, v)$ ( ) $k=1$
$(N, k)$ - $V(\nu)$
$(N, k)$ - $k=n-2$
$(N, n- 2)$-
$n-1$
$T\subseteq N$ $n-1$ $S$ $(N, n-2)$-
$(N, v^{T})$
$\uparrow)^{\tau_{(S)=}}\{\begin{array}{l}\overline{\nu}(S), if |S|=n-1 and S\supseteq T,\underline{\nu}(S), if |S|=n-1 and S\not\geq T,v(S), otherwise\end{array}$ (13)
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(13) $(N, v^{T})$ $n-2$
$n-1$
$T$
$(N, v^{T})$ $F$ $(N, n-2)-$
$v$
$T$
$(N, v^{T})$ $2^{n}$ $T=N$
$T=\emptyset$
Lemma 1 $(N, n-2)$ - $\nu$ $T\subseteq N$ $(N, v^{T})$
$(N, n- 2)$-
Theorem 2 $(N, n- 2)$ - $\nu$ $v$ $V(\nu)$
$?)^{\tau},$ $\forall T\subseteq N$
$V(v)=\{v:2^{N}arrow \mathbb{R}$
$v= \sum_{T\subseteq N}k_{T}\uparrow)^{\tau},\sum_{T\subseteq N},$
$k_{T}=1,$ $k_{T}\geq 0,$ $\forall T\subseteq N\}$ (14)
Theorem 2 $\uparrow)^{\tau},$ $\forall T\subseteq N$ $\nu$ $=$ $V(\nu)$
$(N, k)$- $\nu$ $\nu$
$V(\nu)$
$k+1$ $\mathcal{T}=\{T_{1}, \ldots, T_{m}\}$
$T_{p}\in \mathcal{T}$ $|T_{p}|\geq k+1$ $T_{p},$ $T_{s}\in \mathcal{T}(p\neq s)$
$T_{p}$ $T_{s}$ $T_{s}\not\subset T_{p}$
$\mathcal{T}$ $\mathcal{T}$
$T_{p}$ $m$ $=$ $\mathcal{T}$
$\mathcal{T}$
$\Gamma(N$ , (13) $\mathcal{T}\in\Gamma(N$ , $=$




$(N, \uparrow)^{\tau})$ $(N, k)$- $\nu$
$\mathcal{T}$ $T$
$\mathcal{T}$
) $\mathcal{T}$ $(N, n- 2)$- $?)^{\tau}$
$k=n-2$ $\uparrow)^{\tau}$ $\mathcal{T}$ $T=\cap \mathcal{T}$
$v^{T}=\uparrow)^{\tau}$ $v^{T}$ $T$ $\mathcal{T}=\{T_{p}||T_{p}|=n-1, T_{p}\supseteq T\}$
$\uparrow)^{\tau_{=\uparrow)}\tau}$
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$T_{p}\in \mathcal{T}$ $|T_{p}|=n-1$ $T_{p},$ $T_{s}\in \mathcal{T}(p\neq s)$ $T_{p}\neq T_{s}$
$T_{p},$ $T_{s},$ $T_{r}\in \mathcal{T}$ ($p,$ $s,$ $r$ ) $|T_{p}\cap T_{s}|=|T_{p}\cap T_{r}|=$
$|T_{s}\cap T_{r}|=n-2,$ $|T_{p}\cap T_{s}\cap T_{r}|=n-3$ $\cap$ 1 1
$T$ $\mathcal{T}$ $|T|=n-|\mathcal{T}|$ $\mathcal{T}$
$\mathcal{T}$
Lemma 2 $\nu$ $k \geq\lceil\frac{n}{2}\rceil$ $(N, k)$ - $(N, \uparrow)^{\tau})$ ,
$\forall \mathcal{T}\in\Gamma(N, k)$
Theorem 3 $\nu$ $k \geq\lceil\frac{n}{2}\rceil$ $(N,$ $)$ - $\nu$
$V(\nu)$ (15) $v^{\mathcal{T}},$ $\forall \mathcal{T}\in\Gamma(N, k)$
$V(\nu)=\{v:2^{N}arrow \mathbb{R}$
$v= \sum_{\mathcal{T}\in\Gamma(N,k)}c\tau v^{\mathcal{T}},\sum_{\mathcal{T}\in\Gamma(N,k)},c\tau=1,$
$c\tau\geq 0,$ $\forall \mathcal{T}\in\Gamma(N, k)\}$ . (16)
Theorem 3 $k \geq\lceil\frac{n}{2}\rceil$
$?)^{\tau},$ $\forall \mathcal{T}\in\Gamma(N, k)$ $\nu$
V(
$v^{T}$ Theorem 2 Theorem 3
5 Shapley
$(N, n- 2)$- Shapley $(N, n-2)-$




$\phi_{i}^{n-2}(\nu)=\sum_{S\subseteq N,S\ni i,|S|\leqq n-2}\frac{(|S|-1)!(n-|S|)!}{n!}[\nu(S)-\nu(S\backslash i)]$ (17)
$?)$ $S$ $T\subseteq S$ $m_{S,T}^{v}$
$m_{S,T}^{v}=v(S)-?)(S\backslash T),$ $\forall S,$ $T\subseteq N,$ $T\subseteq S$ . (18)
$(N, n-2)$- $\nu$ $i\in N$
$\overline{m}_{N,i}^{\nu}$
$N\backslash j$ $i\in N\backslash j$
$\underline{m}_{(N\backslash j)_{2}}^{\nu}$,
$\overline{m}_{N,i}^{\nu}=\nu(N)-\underline{\nu}(N\backslash i)\forall i\in N$ (19)
$\underline{m}_{(N\backslash j),i}^{\nu}=\underline{\nu}(N\backslash j)-\nu(N\backslash \{i,j\}))\forall i,j\in N$ (20)
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Theorem 4 $\nu$ $(N,n- 2)$ - $\nu$ $S$
$v^{S},$ $\forall S\subseteq N$ Shapley
$\phi_{i}(’\{)\{i\})=\frac{1}{n}\overline{m}_{N,i}^{\nu}+\frac{1}{n(n-1)}\sum_{j\in N\backslash i}m_{N,\{i,j\}}^{\nu}+\phi_{i}^{n-2}(\nu),$
$\forall i\in N$ (21)
$(v^{S})= \frac{1}{n}\overline{m}_{N,i}^{\nu}+\frac{1}{n(n-1)}\sum_{j\in N\backslash S}m_{N,\{i,j\}}^{\nu}+\frac{1}{n(n-1)}\sum_{j\in S}\underline{nl}_{N\backslash j,i}^{\nu}+\phi_{i}^{n-2}(\nu)$,
$\forall S\ni i,$ $|S|\geq 2$ (22)
$\phi_{i}(\uparrow)^{s})=\frac{1}{n(n-1)}\sum_{j\in S}\underline{m}_{N\backslash j,i}^{\nu}+\frac{1}{n(n-1)}\sum_{j\in N\backslash (S\cup\{i\})}m_{N,\{i,j\}}^{\nu}+\phi_{i}^{n-2}(\nu),$




Shapley $\phi_{i}(v^{i})$ $i$ Shapley
$\phi_{i}(\uparrow)N\backslash i)$ $i$ Shapley
Shapley $(N, n - 2)$- $\nu$
Shapley $\Phi(\nu)$ $\phi(v^{T}),$ $\forall T\subseteq N$
Theorem 5 $\nu$ $(N, n- 2)$ - $v\in V(v)$ Shapley
$\phi(v)$ $\sum_{S\subseteq N}k_{S}=1$ $k_{S}\geq 0,$ $\forall S\subseteq N$
$\phi_{i}(’\iota))=$
$\sum_{s\subseteq N}\frac{k_{S}}{n(n-1)}\sum_{j\in N\backslash (S\cup i)}m_{N,\{i,j\}}^{\nu}+\sum_{s\subseteq N,S\ni i}\frac{k_{S}}{n}\overline{m}_{N,i}^{\nu}$
$+ \sum_{s\subseteq N,S\not\supset\dot{z}}\frac{k_{S}}{n(n-1)}\sum_{j\in S}\underline{m}_{N\backslash j,i}^{\nu}+\phi_{i}^{n-2}(\nu),$
$\forall i\in N$
Theorem 5 $(N, n- 2)$- Theorem 3 $k \geq r\frac{n}{2}\rceil$




$(N, n-2)$- Shapley $\Phi(\nu)$ 1
$T\subseteq N$ $\sum_{i\in N\backslash T}\phi_{i}(?)^{\tau})$ $N\backslash T$
$\prime 1)’(S)=\sum_{i\in S}\phi_{i}(v^{N\backslash S}),$
$\forall S\subseteq N$ . (24)










$k \geq\lceil\frac{n}{2}\rceil$ $(N,$ $)$ -
Shapley 1 Shapley
$k< r\frac{n}{2}\rceil$ $(N, k)$ -
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